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Abstract 

The double-lepton polarization asymmetries in B ^ pi^£^ decay is analyzed in a 
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tion asymmetries proves to be very useful tool in looking for new physics beyond the 
standard model. 
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1 Introduction 



Rare B meson decays, induced by flavor changing neutral current (FCNC) b — > s{d)i~^£~ 
transitions constitute one of the most important class of decays for testing the gauge struc- 
ture of the Standard Model (SM). These decays which are forbidden in the SM at tree 
level, occur at loop level and provide insight to check the predictions of the SM at quan- 
tum level. Moreover, these decays are also quite sensitive to the existence of new physics 
beyond the SM, since new particles running at loops can give contribution to these decays. 
The new physics manifests itself in rare decays in two different ways; one via modification 
of the existing Wilson coefficients in the SM, or through the introduction of some new 
operators with new coefficients which are absent in the SM. Some of the most important 
exclusive FCNC decays governed by b s{d) transition at quark level are B K*'~f and 
B {7i,p,K,K*)£'^£^ decays. The decays of the kind B Mi'^i^, where M stands for 
pseudoscalar or vector mesons, enable the investigation of the experimental observables, 
such as, lepton pair forward-backward (FB) asymmetry, lepton polarizations, etc. One 
of the most efficient ways in looking for new physics beyond the SM is the measurement 
of lepton polarization in the decays. Polarization of a single lepton has been studied in 
B K*i+i- [1], 5 ^ Xsi+i- [2,3], B Ki+i^ [4], 5 ^ 7r(p)^+r [5, 6] and B £+£-^ 
[7] decays in detail in fitting the parameters of the SM and set constraints on new physics 
beyond the SM. Moreover, as has ah^cady been pointed out in [8], some of the single lepton 
polarization asymmetries might be quite small to be observed and might not provide suffi- 
cient number of observables in checking the structure of the effective Hamiltonian. By taking 
both lepton polarizations into account simultaneously, maximum number of independent 
observables are constructed. It is clear that, measurement of many more observables which 
would be useful in further improvement of the parameters of the SM probing new physics 
beyond the SM. It should be noted here that both lepton polarizations in the B K*t^t~ 
and B — * Ki^i^ decays are studied in [9] and [10], respectively. The decays of B mesons 
induced by the b — > d£~^£~ transition are promising in looking for CP violation since the 
CKM factors VtbV*^, VubV*^ and KbKd SM are all of the same order. For this reason 

CP violation is much more considerable in the decays induced hy b ^ d transition. So, 
study of the exclusive decays Bd (tt, p, r])£~^£~ are quite promising for the confirmation 
of the CP violation and these decays have extensively been investigated in the SM [11] and 
beyond [12]. 

The aim of the present work is to study the double-lepton polarization asymmetries in 
the exclusive B — > p£^£~ decay in a model independent way, including all possible forms 
of interactions into the effective Hamiltonian. Moreover, we study the correlation between 
the double-lepton polarization asymmetries and the branching ratio of the B p£^£~ 
decay, in order to find such regions of new Wilson coefficients in which the branching ratio 
(as well as single-lepton polarization) coincides with the SM prediction while the double- 
lepton polarization asymmetries do not. It is clear that if such a region of the new Wilson 
coefficients exists it is an indication of the fact that new physics beyond the SM can be 
established by measurement of the double-lepton polarizations only. Note that the double- 
lepton polarizations in the B — >• K£^£~ and B — > £+£^7 decays are studied in [13] and [14] 
in detail. 

The paper is organized as follows. In section 2, using a general form of the effective 
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Hamiltonian, we obtain the matrix element in terms of the form factors of the B ^ p tran- 
sition. In section 3 we derive the analytical results for the nine double-lepton polarization 
asymmetries. Last section is devoted to the numerical analysis, discussion and conclusions. 



2 Double lepton polarization asymmetries vaB ^ pt^l 
decay 

In this section we calculate the double lepton polarizations using a general form of the 
effective Hamiltonian. The B — > pi'^£~ process is governed by 6 ^ di'^£~ transition at 
quark level. The matrix element for the b d£^£^ transition can be written in terms of 
the twelve model independent four-Fermi interactions in the following form: 

Heff = ^VtavJcsLdRia^.^bL£Y£ + CBRdLic7^.^bii£Yi 

+ Ci°l Ji7^6i Il^Hl + Ci°^ dLi^bL IriHr + Crl dRj^bR IlY£l 
+ Crr dR^J}R £r^^£r + Clrlr dLbR £dR + Crllr dRbi £dR 
+ Clrrl dLbR Ir£l + Crlrl dRbL Ir£l + Ct do ^J) ia'^'^e 

+ iCTEe^''''^da^,biaaA , (1) 



where 



"L = — 7, — " , dR = — - — d , 



Cx are the coefficients of the four-Fermi interactions and q is the momentum transfer. 
Among all these Wilson coefficients, several already exits in the SM. Indeed, the first two 
coefficients in Eq. (1), Csl and Cbr, are the nonlocal Fermi interactions, which correspond 

to —2msC'^^^ and ~2mi,C^^^ in the SM, respectively. The next four terms with coefficients 
ClL) Clr, Crl and Crr are the vector type interactions. Two of these vector interactions 
containing C^£l and C^°^ do already exist in the SM in the form {Cg-^^ —Cio) and {Cg^^ +Cio). 
Therefore, C|f2 and C^°^ can be written as 

*-^LL — *-^9 — 10 + <-^LL , 
^LR — <-^9 + *-^10 + ^LR 1 

where Cll and C^r describe the contributions of the new physics. The terms with coeffi- 
cients Clrlr, Crllr, Clrrl and Crlrl describe the scalar type interactions. The remain- 
ing last two terms lead by the coefficients Ct and Cte, obviously, describe the tensor type 
interactions. 

It should be noted here that, in further analysis we will assume that all new Wilson 
coefficients are real, as is the case in the SM, while only Cg^^ contains imaginary part and 
it is parametrized in the following form 

C'gf^ = 6 + A„6 , (2) 
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where 



and 

= 4.128 + 0.138u;(s) + y(me, s)C^{rh^) - ]^g{md, s){C^ + C4) 

- ^(7(m5, s)(4C3 + 4C4 + 3C5 + Ce) + ^(3C3 + C4 + 3C75 + Cg) , 
6 = b(^c, s) - gifhu, s)](3Ci + C2) , (3) 

where = mg/mb, s — q^, Co(//) = 3Ci + C2 + 3C3 + C4 + 3C5 + Ce, and 

uj(s) = --tt' - -Lisfs) - - ln(s) ln(l - s) - ^ ln(l - s) 
^ ^ 9 3 ^ ^ 3 ^ ^ ^ ^ 3(1 + 2s) ^ ^ 

_ 2s{l + s){l-2s) 5 + 9g-6g^ 

3(1 - s)2(l + 2s) 3(1 - s)(l + 2s) ' ^ ^ 

represents the 0{as) correction coming from one gluon exchange in the matrix element 
of the operator Og [15], while the function g{rhq,s) represents one-loop corrections to the 
four-quark operators Oi-Oe [16], whose form is 

8n X 8 4 2,^ 
g{mg, s) = - g ln(mj + ^ + g?/y " 9 + 



i + v^r^^ 



+ ^(y, - 1) arctan | , (5) 



where = 4rn^/s. 

In addition to the short distance contributions, B — > Xdi'^i~ decay also receives long 
distance contributions, which have their origin in the real uu, dd and cc intermediate states, 
i.e., p, LO and J/ip family. There are four different approaches in taking long distance 
contributions into consideration: a) HQET based approach [17], b) AMM approach [18], 
c) LSW approach [19], and d) KS approach [20]. In the present work we choose the AMM 
approach, in which these resonance contributions are parametrized using the Breit-Wigner 
form for the resonant states. The effective coefficient C^^^ including the p, u and J/^p 
resonances are defined as 

Cl^^ ^Cg{^) + Yres{s) , (6) 

where 
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The phenomenological factor Ki has the universal value for the inclusive B — > Xs^d)^^^" 
decay Ki ~ 2.3 [21], which we use in our calculations. 

The decay amplitude for the exclusive B pi~^i~ decay is obtained from the matrix 
element of the effective Hamiltonian in Eq. (1) over B and p meson states, which can be 
parametrized in terms of various form factors. It follows from (1) that, the following matrix 
elements 



(i7^(l±75)6 B 
dia^uQ^il ± 75)^ 



B 



da^^h B 



B 



are needed in obtaining the decay amplitude of the B 
elements are defined as follows: 



pl'^l decay. These matrix 



pipp.e) (i7^(l±75)6 B{pb)) = 



TUB + rnr 



(8) 



2mr 



niB + THp L 



p(Pp,e) (ii(7^^g''(l ±75)6 B{pb)) ^ 

Ae^^XaS^^'pyT^iq^) ± 2i [^^(ml - m^) - {pb + Pp)^{e*q)\ T^{q^) 



(9) 



±2i{e*q) 



% - {Pb + Pp)n 



mil — m 



P{Pp, ^) 



dai^iyb 



B{pb) 



ie^^xA - 2T^{q-')e*\pB+Ppr + ^(^1 - ^p) [Tiiq') - T^iq^) 



,*A (J 



e q 



(10) 



Uq')-T,{q') 



Uq' 



.A„(T 



{e*q)p^q 



where q = Ps — Pp the momentum transfer and e is the polarization vector of p meson. 
Note that the matrix element 



{p(Pp,e) da^„-i^h B(pb 
can easily be obtained from (lO)by using the identity 



(7a/3 = -■^^af3pa'^'"'l5 



In order to ensure finiteness of (8) and (10) at = 0, wc assume that A3(g^ = 0) = Ao(Q'^ = 
0) and Ti(g^ = 0) = T2{q^ = 0). The matrix element (^p d{l ± 75)6 B^j can be calculated 



by contracting both sides of Eq. (8) with q^^ and using equation of motion. Neglecting the 
mass of the d quark we get 



p{pp, e) d{l ± 75)6 B{pb)) = — [ T 2imp{e*q)Ao{q') 

I nib '- 



(11) 



In deriving Eq. (11) wc have used the relationship 

2mpA3{q^) = {niB + nip)Ai{q'^) - {niB - mp)A2{q^) , 

which follows from the equations of motion. 

Using the definition of the form factors, as given above, the amplitude of the B pt^t 
decay can be written as 

X |£V(1 - 75)^ [ - 2A^e^,xae*yy - iB^e; + iB2(e*q) (ps + Pp)^. + iB^{e*q)q^, 

+ 75)^ [ - 2Cie^,A.^^*>i?" - iD^el + iD2{e*q){pB + Pp)^ + ^D^{e*q)q;, 
+£(1 - 75)4^^4(£*g)] + ^(1 + l^)e.[iB^{e*q) 

+U<7i'n{iCTe^,^,) [ - 2T^e*\pB+PpY + ^6^*^" - B^{e*q)ppY 



+16CTEia^j\ - 2Ti£*^(pB + PpY + B^.e^'^q" - B^{e*q)pp^q'' \ , 



where 



A, = {CT^ + Crl) 
Bi 
B2 



V 



rriB + mp 



2{Cbr + CsL 



r 



{CTl - CRL){mB + m,)A - 2{Cbr - CsL){ml - mj)p , 



- C 



rriB + mp 
Bs = 2{Ci"l-CRL)m 



q^ 



t2 -r — 



tjib — mi 



A3- Ao 



'p 1 

r 



+ 2{Cbr — Csl)—^ , 



D2 
D3 

B4 
B, 

Be 

Br 



^U^LL ~^ ^LR ) ^RL ^RR) : 
TJ ( /^tot . r~itot /-I V N 

^ly^LL ~^ '^LR ) '^RL '^RR) , 

^2[^LL ~^ ^LR > ^RL ^RR) : 

^2,y^LL ~^ '^LR ) '^RL '^RR) , 

— 2{ClRRL — Crlrl) — -Aq , 

—2{Clrlr — Crilb) — -Aq , 



nrib 



2{mB-mp) — , 



= - Ti-r2- 



(12) 



(13) 



From this expression of the decay amphtude, for the unpolarized differential decay width 
we get the following result: 



with 



dr 

ds 



\Vt,V;/X'/'{l,r,s)vA{s) , 



2m^ ( 

A = -A Re - 6mBm^sA(Si - Di){Bl - B*) 



3fpS 



B,B; + {Bs -D2- D,)Bl - (52 + 53 - ^3)^1* 



+ 6m|m,s(l - fp)\{B2 - D2){Bl - B;) 
+ 12m%mjs{l - fp)\{B2 - D2){Bl - Dl) 
+ 6mlme\s\B4 ~ B5){B; - D*) 



+ A8mlmesX\B2 + D2)B*C*te 

- lQm%fps{ml-s)\[\Ai\^ + \Ci\^) 

- m|s(2m^-s)A( 1^41^ + 1^51^) 

- 48m|m^s(l -fp- s)X\{B^ + Di)B;C^j, + 2(^2 + D2)B;G 



2(2 + 2fp- 5)52^2* -s 1(^3 
+ 96mBmes{X + 12fps){Bi + Di)B;C^j^ 



ICrf + 4(3 - 2v^) |Cri?|' 4(A + 12fps) \B, 



4mlX{l 



s)BeB; + m%X^\B7 



- AmiX 



m\{2 - 2fp + s) + s(l -Tp-s) {BiB* + D^D*) 



+ s 



6fps{3 + v^) + A(3 - v^)] ( \Bif + lAl' ) 



\D2 



Xs] 

|2 



- 2m^A{m,'[A - 3(1 - Vpf] - As} ( 1^2 
+ 128m|{4m^[20rpA - 12fp(l - r^f - 
+ s[4fpX + 12fp(l - fp)^ + Xs]} ICrf \t,, 
+ 512m|{s[4fpA + 12fp(l - rpf + Xs] 

+ 8m,'[12fp(l - fpf + X{s - 8fp)]} ]Cte\^ \hf 

- 6imls^[v^ ICrf + 4(3 - 2v'') |Ct£;|' ] {2[A + 12f,(l - rp)]Betl 

- m|A(l + 3fp - s)B7tl} 

+ 768mlmifpsX{Ai + Ci)C-^tt 

- 192mBms[X + 12fp{l - fp)]{Bi + Di)C^Et*i 
+ 192m|m^sA(l + 3fp - s)X{B2 + D2)C^Et*i] , 



(14) 



(15) 
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where s — (f /m\, fp — rrip/m^ and A(a, b, c) — a^ + b^ + c^ — 2ab — 2ac — 2bc, rhe — mi/mBi 
V = — 4mj/s is the final lepton velocity. 

Using the matrix element for the B pi~^i~ decay, our next problem is to calculate the 
nine double-lepton polarization asymmetries. For this aim we introduce the spin projection 
operators 



Ai 
A2 



(1+75 /r) , 

(1+75 



for the lepton i~ and anti-lepton where i — L,N,T correspond to the longitudinal, nor- 
mal and transversal polarizations, respectively. Firstly we define the following orthogonal 
unit vectors sf'^ in the rest frame of (see also [1, 3, 22, 23]), 



*L — 


(0,eT) 


- :-:,) • 


„-M _ 


(0, Cjv) 




Sq^ — 


(0, ) 


= (0, X e^) 


„+M _ 
*L — 


(0,e^) 


^ (%;:,)• 


„+M _ 


(0,e^) 


V \Pp^p+\ 




(0, e^) 


= (0, X e^) 



). 



(16) 



where p^^i and pp arc the three-momenta of the leptons £^ and p meson in the center of 
mass frame (CM) of £^ system, respectively. Transformation of unit vectors from the rest 
frame of the leptons to CM frame of leptons can be done by the Lorentz boost. Boosting 
of the longitudinal unit vectors s J'* leads to 



IPtI ^ePT 



^ J CM 'me, \p^\ 



[17) 



where p+ = — and are the energy and mass of leptons in the CM frame, respec- 
tively. The remaining two unit vectors s^^, s^^ are unchanged under Lorentz boost. 
We can now define the double-lepton polarization asymmetries as in [8]: 



ds 



ds 



-n) 



f («T, n) + f (-«T, 4) ) + ( ^(«T, -n) + ^(-«T, -n) 



(18) 



ds 



ds 



ds 



ds 



where i, j = L, A^, T, and the first subindex i corresponds lepton while the second subindex 
j corresponds to antilepton, respectively. 
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After lengthy calculations we get the following results for the double-polarization asym- 
metries. 



LL 



Rej - 12mBmsX{Bi - Di){B2 - B^) 

' B,Bl + {B, - D,){Bl - Dl) 
+ 12m|m,sA(l - f^) [{B^ - D2){Bl - B*) + 2mBrh,{B2 - D2)(B* - 
- 32mlmesX'^{B2 + D2)B*a 



+ 3mls^X{l + v''){\B,f + \Br,f) 
-8m%rps''X{l + 3v''){\Aif + \Cif) 
+ 12mlmes^X{Bs - D^){Bl - B*) 
+ 12m%rhp'^X\B3 - Dsf 

+ 32mlmesX(l -fp-s) [{B^ + D{}B;C*te + 2(^2 + D2)BIC. 
+ 8m^m|A(4 - 4fp - s){B^Dl + B^Dl) 
- 64:mBmes{X + 12fps){Bi + Di)B;C^E 



TE 



4m|(|CT|' + 8 \Cte?) - s(|Ct|' + 4 \Cte?)\ \m%X^ \B^f + 4(A + I2fps) \Bq\ 



- 32m|(A + 3fps)SiD* 

- 8m^m^^A[A + 3(1 - fpf]B2D* 

+ 8m|A[s - s{fp + §)- 3m|(2 - 2fp - s)]{BiB* + DiD*) 

- 64m|s2A(l -fp-s) [v^ {Crf - 4(1 - 2v^) J^e^^ 

- m^SA[A(l + 3v') - 3(1 - fp)\l - v')]{\B2f + 
+ A[6mj{X + 6fps) - s{X + 12fps)]{\Bi\^ + \D,f) 

- 1024m|{12fps(l - fpf{l - 2v^) - Xs[4fp - s{l - 2v^)]} \hf \Cte\ 
+ 256mls{X{sv^ - 8fp) + 12fpV^[X + (1 - fpf]} \tif {Crf 

- 256m|s2[A + 12f^(l - fp)] [v^ |Ct|' - 4(1 - 2v^) \CTEf]Betl 
+ 128m^s2A(l + 3fp - s) [v^ {Crf - 4(1 - 2v^) ICteI^J^t^I 

+ 128mBm^s[A + 12fp(l - fp)]{Bi + Di)tlC^E 

- 128m|m£sA(l + 3fp - s){B2 + D2)tlCTE 

- 512m%mefpsX{Ai + Ci)t*C^ 

- GAm'^'mjfpsXAiCi^ , 



(19) 



2fpA 



Im<! Am\w?fiX 



-B2-B4 + B5D2 + S{Bi — Di)ByC^e 



- Am%meX{l - fp) [B2D; + 8mBnie{B2 - D2)B;C^e 
+ 2m|m^sA[S2S3* - 8(^4 - B^)B*C*te - l^msfheiB^ - D^)B*C*te 
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- 2m%rhesX[BsD* + {B2 + D2)Dt 

- 2mlmes{l + 3fp - s)(BiBI - D^D* - 32^5(7^^^*) 
+ 32m|fpsV[(Ai - Ci)B;C^ - 2(Ai + Ci)B;C^e 



- mpA(i + v^){B2b; + b^d; 



- Ame{l - fp - s){BiDI + mBme[Bi{Bl + IGB^C^^) - D^{Bl + 16^*^7;^)] } 

+ 64m|m|(l - fp){l -fp- s){B2 - D2)B;C^e 

- 2mlmsil -Tp- s)iBi + Di){B; - 

+ 32m|m^s(l -Vp-s) [(S4 - B^)BIC*te + 2mBnn{Bi - D3)B;C^ 
+ mBs(l -fp-s)(l + v'')[BiB* + B^D*) 



+ 2m|m4A + (1 - fp){l -fp- s)] [B2DI + B,D 

- 128m|m2(l - fp){l + 3fp - s){B2 - D2)t\C*TE 

- 64m|m£s(l + Sf^ - s) iB^C^j^tl + 2mBfhe{B3 - D^)C^Etl 

- 64m|fps(l - fpy[A^{C*T - 2C*TE)tl - Ci{C:^ + 2^*^)^* 

- 32mBs[(l + 3fp - s)DiCTEtl + 2fpv'^ 0^0^11 -{l-fp- s)v'^D^CTEtl 
+ 32mBsf(l + 3fp - s)BiC^E't*i - 2fpV^BiC^tl -{l-fp- s)v'^BiC:^E'tl 



(20) 



NL 



2f^ 



/ — Im-I Am%fhjX 



52-65 + B4D2 — S{Bi — Di)B^C^E 



+ Am%mX{l - fp) [B2D* + 8mBMB2 - D2)B;C^e 

- 2m%mes\[B2B; - 8(^4 - B^)B*C*te - IGmsMBs - D3)B;C^e 
+ 2m%fhesX[B3D; + {B2 + D2)D; 
+ 2mlfhis{l + 3fp - s) (BiB* - D^D* - 32^5(7^^^*) 

- 32mlfpS^v^[{A^ - Ci)B*C^ + 2{A^ + Ci)B*C^e 

- mlsX{l + v^){B2BI + Br,Di) 

+ 4m,(l -fp- s){b^DI - mBfn,[B^{Bl - 16B;C^e) - Di{Bl - IGE^C^e)]} 



;){l-fp-s){B2-D2)BlC*TE 
^-s){B, + D,){Bl-Dl) 



+ 64m|m^(l 
+ 2m\fh£s{l ■ 

- 32mlfhes{l - fp - s) [{B^ - B^)B;C^e + 2mBfhe{Bs - Ds)B;C^e 
+ mBs(l -fp-s){l + v^) (b^BI + B^D*) 

- 2mlme[X + (1 - fp)(l -fp- s)] [B2DI + B,D*) 
+ 128m|m2(l - fp)(l + 3fp - s)(S2 - D2)tlC:^E 

+ 64m|m^s(l + 3fp - s) [B^CTEtl + 2mBnie{B3 - Ds)*^;^^! 
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- 32mss[(l + 3fp - s)BiC^Eil + 2ryBiC^t\ - (1 - - s)i;2SiC;Ei* 
+ 32mBs[(l + 3fp - s)DiC*Et* - 2fpV^DiC^tl - (1 - - s)v2L'iC^£;t* 



f — 



m\s\{B2Bl + fi4D2 - mBfhtB2Bl 



- 8m%mesX{B4 + B^)B;C*te 

- m%mesX[B2D; + B^D^ - D^Dl) 

+ 16m|fps2 [^iS*(C* - 2C*te) + CiS*(C; + 2(7;^)" 
+ mt{l-rp-s)\B^-D^f 

+ mss(l - rp - s) [EiS; + B^Dl + 16msm^(S4 + B5)B*C^e 

- ruBMBi- Dl){b;- d;) 

- m\m,\\ + (1 - fp)(l ~ f, ~ - Z}i)(52* - Dl) 



- 1024m|m,fp(l - r,) ( |Ct|' + 4 ICteI' ) 

+ 512m|m^fps( |Ct|' + 4 \CTEf)B^t\ 

- 32m|m^s(l + 3fp - s){B^ + S5)C;Ei* 

- 32m|fps(l - rp) [Ai(C^ - 2C^^)it + Ci(C^ + 2C^E)tt 

- 32mBfpsf5i(C^ - 2C^e)t* - Di(C; + 2C;E)t* 



„ TirririV 
n - B 



TL 



fpA 



y|Re|m^m^A(l - fp) 1^2 - ^^2! 



+ 8m|m^fps(^iSi* - CiD*) 

+ m|sA(fi254* + 55D2* + mBrheB2B;) 

+ 8m^m^sA(54 + B5)B*C^e 

- 7n%mesX(^B2Dl + - £'2^3) 



|Si-L>i| 



- mBs{l -fp-s) [BiBl + B5DI + I^tubMBa + B^)BIC*te 
+ mBMBi-Di){B;-D;) 

- mlmiX + (1 - rp){l -Tp- - D^){Bl - D^) 
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- mAm%rhir,{l - r,) ( |Ct|' + 4 |Ctb|' ) \tif 
+ 512mlmefps[\CTf + ^\CTEf)Betl 

+ 32mlmis{l + 3fp - s)(S4 + S5)C*et* 

- 32m%fps{l - fp) + 2C^eK + Ci(Ct - '^C^eK 
+ 32mBfps\Bi{C^ + 2C*g)t* - L'i(C* - 2C*g)i* 



B2D* - 2mBmeB2B;{C^ - 4C^^) 



- 2mB'meD2B;{CT + 4C;^)] } 

- 6mBme\iB,-D,){Bl + B;) 

+ 6m|m,A(l - f,){B2 - D2){Bl + B^) 
+ 6m|m,sA(53 - D3)(5: + Bl) 

- 4m|A(l - - s) [BiD^ + ^sZ^t + 32m| s Rc [Be 5;]CtC 



+ 8m|m^A(l 



(5i57* + 2B25*)(C^-4C;b) 



+ (S;L>i + 2BID2){C*T + 4c;s) 
+ 32m|s[4(A 



+ I2fps) 1 



+ A'm||S7 



^T^TE 



+ 2mls\h>BiBl - Sm\fpAiC{ 



'TE, 



l2fps{B^ + D,)BlC*T] 



TN 



- l&mBrnt{\[BiBl{C:^ - ^Cte) + DiB;{Ct + 4C^ 
+ 32mBrhe{l2fp{l - fp){B^ + D^)C*Tt\ + A[Bi(C; - AC^teK + ^i(<^t + ^C*TE)ti\ } 

- 256m|m^fpA[Ai(C-^ + 2(7-^^)^1 - Ci(C; - 2(7;^)^*" 

- 32m|m^A(l + 3fp - s) [B2{C*t - AC*TE)tl + £'2(6'^ + 4CfE)*t 
+ 256m^s{2[A + 12fp(2 + 2fp - s)] |ti|' - 2[A + 12fp(l - fp)]Re[B6tt] 

+ m|A(l + 2,fp - s)Re[B^tl]]CTC. 

+ 2mBmiD2B;{C^ - AC^^)] } 

- QmBrh,\{Br-Dr){Bl + Bl) 
+ 6m|m,A(l - fp){B2 - D2){Bl + B*) 
+ 6m|m,sA(53 - As)!^: + ^5) 

+ 4m|A(l -fp-s) [BiD; + B2DI - 32m|s Re[fi657]CTC^E 
+ 8m|mA(l - - s) [(BiE; + 2B2B;){C^ + AC^e) 
+ {B;Di + 2BID2){C*T - AC*te) 



B2D* + 2mBmiB2B;{C^ + AC*te) 
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+ 32m|s[4(A + 12f^s) l^el^ + A^m^ \B7f]CTC^E 
+ 2mlsX(3B4B* + 8m|fpAiC*) 

- 16mBme{\[BiB;{C^ + iC^j,) + DiB;{C^ - 40^^)] + 12fps{Bi + D,)B;C^} 
+ 32mBme{l2fp{l - fp){Bi + Di)C^tl + X[Bi{C^ + 4C^£)t* + Di(C^ - 4C^^)t*] 
+ 256m|m^fpA[Ai(C* - 2(7*^)^* - Ci(C; + 2C;s)i*' 

- 32m|m^A(l + 3fp - s) [B2{Ct + "^CteK + i^2(C^ - 4C-^E)tt" 

+ 256m|s{2[A + 12fp(2 + 2fp - s)] \ti\^ - 2[A + 12fp(l - fp)]Re[Betl] 



+ ml 



'N — 



3fpA 



A(l + 3fp - s)Re[B7tl]}CTC^E] , 
Rej -24m^Vp(|5i|' + |L'i|') 



- 6mBmeX{Bi - D^){Bl - B*) 

- 48m|m^A'(S2 + D2)B;C^e 



+ Gmom^A 



1^41^ + l^sl^ - 2Bi{B* + B*- D;) + 2Di{B; - D* - D^) 



+ 6m|m,A(l - f^) [(^2 - D2){Bl - Bl) + 2mBMB2 - D2){B; - D;] 

+ mlsX[lQmlfpV^AiCl - 3{1 + v^)B4B;] 

+ Qm%mlX{2 + 2fp - s){\B2\^ + ID2I') 
+ 6m|m^sA(fi3 - D^){Bl - Bl) 
+ Gm^m^sA \B^ — Dal^ 

+ 48m|m,A(l -fp- s) [{B^ + D^)B;C*e + 2(^2 + D2)B;C*e 
- 96mBm^(l - - sf{Bi + Di)B;C^e 

+ 8m^sA[Am| jSr]^ - 4(1 -fp- s)BgB;] [v^ \Ct\^ - 4(3 - 2v'^) \Cte\ 
+ m|A[3(2 - 2fp -s)- v\2 - 2fp + s)](BiD* + B2DI) 



— m%X 



B2DI 



(3 + ^;2)A + 3(l-T;2)(l-f,)2 

- 2[6fps(l - v'^) + A(3 - v'^)\B^Dl 

+ 32m|s{(A + I2fps)v'^ \Ct\^ - 4[A(3 - 2v'^) + 12fps] \Cte\^ } l^gj^ 

- 192m|mA(l + 3fp - s){B2 + Z^2)C^;i^tt 
+ 192mijm4A + 4f^(l - fp)]{Bi + Di)C;^tt 
+ 128m|sw2[A + 12fp(2 + 2fp - s)] \Ct\^ \ti\^ 

- 512m|s[A(3 - 2v'^) + 12fp(2 + 2fp - s)] \Cte\^ \ti\^ 

- 128m|s{[A + 12f,(l - fp)^ \Ct\^ - 4[A(3 - 2v^) + 12f,(l - fp)] \Cte\^ ]B^tl 
+ 64m^(l + 3fp - s)s\v'^ \Ct\^ - 4(3 - 2v'^) ICrBH^r^t 
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TT 



'2m\ I 4 
— Res Sm^TpsX 



3fpsA 



Amj{\Aif + \Ci\'') + 2sAiCl 



+ QmBm,s\{Bi - Di){Bl - Bl) 



lQm\mfs\'^{B2 + D2)B*a 



TE 



1^4 



\B,f-2{B,-D,){B;-D; 



- 6m%msX{l - fp) [(^2 - D2){B2 - Bl) + 2mBm^(B2 - D2){Bl - D;) 

- 6m%mers^\{Bs - D^){Bl - B*^) 

- Gm^mjs^ X \Bs — D^f 

+ 16m|m^sA(l -rp-s) [(Si + D^)B*C*te + 2(^2 + D2)B;C^e 
+ 4m|m|A(4 - Afp - s)(BiB* + DiD*) 
+ 2s[6fps(l - v'^) + A(l - 3v'^)]BiDl 

- 2m%mjX[X + 3(1 - fp)^]{\B2f + P2I') 

- m|sA[2 -2fp + s- 3v^{2 - 2fp - s)]{BiD* + B2DI) 

- 8m^(A-3fps)(|Si|' + |i:'i|') 

- 32mBm^s(A - 12fps)(Si + Di)B;C^E 

- 8m^s2A[Am| \Brf - 4(1 - - s)BqB;] [v^ {Crf + 4(1 - 2v'^) \Cte\ 
+ 3mlfX(l + v'^)BiBl 



— mosA 



(l + 3T;')A-3(l-T;')(l-fp 



B2DI 



- 32m|s2{(A + I2rps)v^ \Ct\^ + 4[A(1 - 2v^) - I2rps\ \Cte? ] \B^? 

- 128m|{4A[A - (1 - fpf] + 8s(l - f,)[A - Qfp{l - fp)] + ^Xsv\Sfp - s)] \Cte\^ \h\ 
+ 128m|{l6ArpS - A[A - (1 - fpfy - 2sv''[X{l + 3fp) + 6fp(l - fpf]} \Ct\^ 

+ 128m|s2{[A + 12f,(l - fp)^ |Ct|' + 4[A(1 - 2v'') - 12f,(l - fp)\}B^t\ 

- 64m|s2A(l + 3fp-s)[u2|CT|^ + 4(l -2^2) \CTE\^]B^t\ 
+ UmBrhrs[X - 12rp{l - rp)]{B^ + /^i)C*£;tt 

+ 512m%7fiefpsX{Ai + Ci)C^t* 



64m|m^sA(l + 3fp - s)(S2 + D2)C:^Et*i 



(27) 



3 Numerical analysis 

In this section we analyze the effects of the Wilson coefficients on the polarized FB asymme- 
try. The input parameters we use in our numerical calculations are: nip = 0.77 GeV, rrir = 
1.77 GeV, = 0.106 GeV, = 4.8 GeV, tub = 5.26 GeV and Tb = 4.22 x lO'^^ Q^y 
For the values of the Wilson coefficients we use Cf^ = -0.313, Cf^ = 4.344 and 
Cfg^ — —4.669. It should be noted that the above-presented value for ^ corresponds 
only to short distance contributions. In addition to the short distance contributions, it 
receives long distance contributions which result from the conversion of uu, dd and cc to 
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the lepton pair. In order to minimize the hadronic uncertainties we will discard the regions 
around low lying resonances p, w, J/ip, by dividing the region to low and high 

dilepton mass intervals: 

Region I: 1 GeV^ < q'^ < 8 GeV^ , 

Region II: 14.5 GeV^ <q^ < {tub - rUpf GeV^ , 

where the contributions of the higher ■0 resonances do still exist in the second region. The 
form factors we have used in the present work are more refined ones predicted by the light 
cone QCD sum rules [24]. The q^ dependence of the form factors for the B ^ p transition 
can be represented in the following form: 



F{q') 
F{<f) 



+ 



r2 



1 - gV^L 1 - ?V"^fit 
1 - gVmit ' 



2 ' 



ri 



+ 



r2 



1 - gVmIt (1 - q^/ml,f ' 



(28) 
(29) 
(30) 



with the three independent parameters ri, r2 and m^^ being listed listed in Table 1. The 
dominant poles at q^ = rri^^^ correspond to the resonances 

1- for V , 
JP = I 0- for Ao , 

1+ for Ai,/l2,A3 and T2,T3 . 

The values of the parameters ri, r2 and mat for various form factors are presented in Table- 1. 





ri 




r2 


ml (GeV') 


Fit Eq. 






1.045 


5.32^ 


-0.721 


38.34 


(28) 


^0 


-^P 


1.527 


5.28^ 


-1.220 


33.36 


(28) 




-+P 






0.240 


37.51 


(29) 


A^p- 


-^P 


0.009 




0.212 


40.82 


(30) 




■*P 


0.897 


5.322 


-0.629 


38.04 


(28) 


rpBq- 


■^P 






0.267 


38.59 


(29) 


rpBq- 

-^3 


■*P 


0.022 




0.246 


40.88 


(30) 



Table 1: 5 — > p decay form factors in a three-parameter ri, r2 and mfit fit. 



Note that T3 entering into Eqs. (9) and (10) is related to T3 as follows: 

o ■(^'3-^2). 



2 2 

mo — mi 



In the numerical analysis the values of the new Wilson coefficients which describe the 
new physics beyond the SM are needed. In our calculations the new Wilson coefficients are 
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varied in the range — jCfJ^I < \Cx\ < |C'fo*^|- The experimental results on the branching 
ratio of the B — > K*{K)i^i~ decay [25,26] and the upper limit on the branching ratio of 
B — > [27] suggests that that this is the right order of magnitude for the new Wilson 

coefficients. 

It follows from the expressions of all nine double-lepton polarization asymmetries that 
depend both on and the new Wilson coefficients Cx- Therefore, it may experimentally 
be difficult to study these dependencies at the same time. For this reason, we eliminate 
dependence by performing integration over in the allowed region, i.e., we consider the 
averaged double-lepton polarization asymmetries. The averaging over is defined as 



where Ri = Regions I or II, over which the integrations are calculated. We present our 
analysis in a series of figures. 

In Figs. (1) and (2) wc present the dependence of (Pll) on Cx for the B — > pfi^fi^ 
decay in the regions 1 and 11, respectively. The intersection of all curves corresponds to 
the SM case. From these figures we see that (Pll) exhibits strong dependence only on the 
tensor interactions Ct and Cte, and has practically symmetric behavior in regard to its 
dependence on Ct and Cte with respect to zero position. Furthermore, (Pll) seems to be 
independent of all remaining new Wilson coefficients. 

We depict from Figs. (3) and (4) the dependence of (Plt) on Cx for the B pp~^fi~ 
decay in the regions 1 and 11, respectively. Wc observe from these figures that (Plt) is 
sensitive to to the existence of scalar Clrlr, Crllr and tensor interactions Ct, Cte and it 
shows weak dependence on all remaining coefficients. A striking feature of its behavior is 
that {Plt) changes its sign in the above-mentioned region of the new Wilson coefficients, 
while in the SM case its sign never changes. For this reason study of the magnitude and 
sign of (Plt) can serve as a good test for looking new physics beyond the SM. 

The dependence of (Ptl) on Cx for the B — >• pn~^n' decay is presented in Fig. (5) 
in Region I and Fig. (6) in Region II, respectively. In both regions (Ptl) exhibits strong 
dependence on scalar Crlrl and Clrrl and tensor interaction coefficients. Moreover, when 
C rlrl{C lrrl) is negative (positive), {Ptl) is positive (negative). When Cte < — 0.8(> 0) 
and Ct < 0(> 2), (Ptl) is negative and positive otherwise. Hence determination of the 
magnitude and sign of (Ptl) gives unambiguous confirmation of the existence of new physics 
due to scalar and tensor interactions. 

In Figs. (7) and (8) we present the dependence of (Ptt) on Cx for the B — > pjJi^lJr 
decay. In region 1 (see Fig. (7)) (Ptt) is strongly dependent on vector type interactions 
Clr, Cjm and for the negative values of Cll and Ct- On the other hand, in Region 11, (Ptt) 
is strongly dependent only on tensor interaction. In Region I (Ptt) is positive (negative) 
for negative values of Clr{Crr) and it attains at negative (positive) values for positive 
values of Clr{Crr). In the second region the sign of (Ptt) changes only for the vector 
interaction Crr. 

Depicted in Figs. (9) and (10) are the dependence of (Pnn) on the new Wilson coeffi- 
cients. The situation is quite similar to the previous case for the {Ptt) ■ The only difference 
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being, (Pnn) in Region I depends strongly on Cte rather than Ct, for their negative values, 
compared to that for the (Ptt) case. 

All remaining double-lepton polarization asymmetries for the B — > pn^ decay are 
very small numerically and therefore we do not present them. 

Through Figs. (11)-(14) we study the dependence of Pij on the new Wilson coefficients 
for the B — > pT^T~ decay, which provides richer information about the new physics effects. 

In Fig. (11) the dependence of {Pll) on Cx is given. We observe from this figure that 
{Pll) is very sensitive to all new Wilson coefficients except Crl- It changes its sign only for 
the variations in Ct and for all rest of the new Wilson coefficients {Pll) does not seem to 
change its sign. Therefore investigation of the sign of {Pll) can give important clue about 
the existence of the tensor interaction. 

In Fig. (12) we present the dependence of of {Plt) on the new Wilson coefficients. 
Noting that {Ptl) exhibits similar behavior, except several scalar coefficients, {Plt) is 
sensitive to all remaining Wilson coefficients. Similar to the {Pll) case, {Plt) changes its 
sign in the presence of the tensor interaction and therefore this circumstance can be quite 
useful in looking for new physics beyond the SM. 

The dependence of {Pln) ~ ~ {Pnl) on Cx is presented in Fig. (13). We sec from this 
figure that {Pln) is very sensitive to all new Wilson coefficients, especially to the vector 
interaction coefficients Cll and Clr- 

In Fig. (14) we present the dependence of {Pnn) ~ — {Ptt) on the new Wilson co- 
efficients. We observe from this figure that when Cx is negative {Pnn) > (^Pnn) ^r 

the coefficients Clr, Cll, Clrrl and Ct, and {Pnn) > (-Pivjv) for the coefficients Crl, 
Crr, Crllr and Cte- On the other hand, when Cx is positive the situation changes to 
the contrary, except for the tensor interaction (neglecting the narrow region for the coeffi- 
cient Cte)- The numerical analysis for the rest of the remaining double-lepton polarization 
asymmetries for the B — > pr'^r^ decay are not presented in this work due to their negligible 
smallness. 

It follows from the present analysis that few of the double-lepton polarization asym- 
metries show considerable departure from the SM predictions and these ones are strongly 
dependent on different types of interactions. Hence, the study of these quantities can play 
crucial role in establishing new physics beyond the SM. 

At the end of this section, we would like to discuss the following problem. Could there 
be a case in which the branching ratio coincides with that of the SM result, while double- 
lepton polarization asymmetry does not? In order to answer this question we study the 
correlation between the {Pij) and the branching ratio B. We can briefly summarize the 
results of our numerical analysis as follows: For the B pp~^p~ decay, except for a very 
narrow region of Crr, such a region is absent for all new Wilson coefficients for all of the 
asymmetries {Pij)- 

The B pT^T~ decay is more informative for this aim, which are measurable in the 
experiments. In Figs. (15) and (16) we present the dependence of {Pll) and {Plt) on the 
branching ratio. It follows from these figures that, there indeed exists certain regions of Cx 
for which the double-lepton polarization asymmetry differs from the SM prediction, while 
the branching ratio coincides with that of the SM result. We also note that, such a region 
exists for the remaining double-lepton polarization asymmetries for the tensor interaction 
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as well. 

In conclusion, in the present work we investigate the double-lepton polarization asym- 
metries when both leptons are polarized, using a general, model independent form of the 
effective Hamiltonian. We obtain that various double-lepton polarization asymmetries can 
serve as a good test in looking for new physics beyond the SM. We also study the correlation 
between {Pij) and the branching ratio for the B — > pT^T~ decay and find out that there 
exist regions of the new Wilson coefficients for which the double-lepton polarization asym- 
metry differs considerably from the SM prediction, while the branching ratio coincides with 
the SM prediction. Therefore in these regions the new physics effects can be estabhshed 
just by measuring the double-lepton polarizations. 
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Figure captions 

Fig. (1) The dependence of the averaged double-lepton polarization asymmetry {Pll) on 
the new Wilson coefficients Cx, for the B — > pjJt^jjT decay, in Region I. 

Fig. (2) The same as in Fig. (1), but in Region II. 

Fig. (3) The same as in Fig. (1), but for the averaged double-lepton polarization asym- 
metry (Plt)- 

Fig. (4) The same as in Fig. (3), but in Region II. 

Fig. (5) The same as in Fig. (1), but for the averaged double-lepton polarization asym- 
metry (Ptl)- 

Fig. (6) The same as in Fig. (5), but in Region II. 

Fig. (7) The same as in Fig. (1), but for the averaged double-lepton polarization asym- 
metry (Ptt)- 

Fig. (8) The same as in Fig. (7), but in Region II. 

Fig. (9) The same as in Fig. (1), but for the averaged double-lepton polarization asym- 
metry (Pnn)- 

Fig. (10) The same as in Fig. (9), but in Region II. 

Fig. (11) The dependence of the averaged double-lepton polarization asymmetry (Pll) 
on the new Wilson coefficients Cx, for the B pT^T~ decay, in Region II. 

Fig. (12) The same as in Fig. (11), but for the (Plt)- 

Fig. (13) The same as in Fig. (11), but for the (Pln)- 

Fig. (14) The same as in Fig. (11), but for the (Pnn)- 

Fig. (15) Parametric plot of the correlation between the averaged double-lepton po- 
larization asymmetry (Pll) and the branching ratio for the B — > pT^T~ decay, in Region 
II. 

Fig. (16) Parametric plot of the correlation between the averaged double-lepton po- 
larization asymmetry {Plt) and the branching ratio for the B pT^T~ decay, in Region 
II. 
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